Xiphinema diversicaudatum induced similar morphological changes in root-tips of strawberry, a good host, and ryegrass, a poorer host. After nematodes had fed for 1, 2, and 4 days the feeding site became surrounded by multinucleate hypertrophied cells with amoeboid-shaped nuclei, enlarged nucleoli and dense cytoplasm. Cell complexes also developed in association with the stelar initials in strawberry but not in rycgrass. There was an increase in the proportion of cytoplasm, from 47% to 56% of the root-tip volume, and a reduction in the proportion of vacuole from 40% to 28% after 1 day in strawberry. There was no change in the proportion of these components in ryegrass after nematodes had fed for 1 day. The total volume of the roottip increased more in strawberry (8.5 x ) than in ryegrass (3.6 x ), but the concentrations of RNA and protein progressively decreased. Total RNA and protein both increased 3.4 x after 4 days in strawberry, but in ryegrass protein increased 2.7 x and RNA 5.4 x after 4 days. These results support an earlier hypothesis that strawberry nuclei are more transcriptionally active than ryegrass nuclei, and suggest that the metabolism of the two host plants had responded differently to feeding by X. diversicaudatum.
Xiphinema diversicaudatum (Micoletzky, 1922 (Micoletzky, , 1927 Thorne, 1939) , the vector of strawberry latent ringspot virus (Harrison, 1967) and arabis mosaic viruses (Taylor & Thomas, 1966) , feeds ectoparasitically on a wide range of plant species. It uses its long stylet to penetrate and feed on a column of progressively deeper cells (Trudgill, 1976; Trudgill & Robertson, 1979) . Root-tips are the preferred feeding sites and these become transformed into terminal galls. Cells within galls are fed upon for longer periods than those in ungalled root-tips.
Preliminary histological studies showed that within galls some cells become enlarged, multinucleate with enlarged, amoeboid-shaped nuclei and dense cytoplasm (Robertson & Kurppa, 1979) and that some nuclei contained increased amounts of DNA (Griffiths et al., 1982) . X. diversicaudatum reproduced more rapidly on strawberry than ryegrass (Cotten, 1977; Griffiths, 1982) . The DNA content but not the size of nuclei were increased in ryegrass galls whereas in modified nuclei in strawberry galls both DNA content and size were increased (Griffiths & Robertson, 1984a) . This difference between hosts was thought to be due to strawberry nuclei containing more euchromatin and nuclear protein than ryegrass nuclei. This paper describes measurements of changes in morphology, and in RNA and protein contents of root-tip galls induced by X. diversicaudatum on strawberry and ryegrass. The findings are discussed in relation to the difference in host status and to previously observed changes in nuclear structure.
MATERIALS AND METHODS
X. diversicaudatum. were extracted from field soil (Flegg, 1967) and shown to be virus-free by bait testing with Petunia hybrida Vilm. and assaying the roots after four weeks on Chenopodium quinoa Willd. Nematodes were added to agar plates growing either one small strawberry plant (Fragaria x ananassa Duchesne cv. Cambridge Favourite) taken from meristem culture or three seedlings of perennial ryegrass (Lolium perenne L. cv. S24), as described previously (Griffiths et al., 1982) . The plates were inspected three times daily and five root-tips that had been fed on continuously for one, two or four days were removed, together with five root-tips from nematode-free plates. The methods used for this study were as described previously (Griffiths & Robertson, 1984b) , and are briefly outlined below. The root-tips were fixed in 2.5 % glutaraldehyde, dehydrated and embedded in glycol methacrylate. Serial transverse sections (ca. 4 ptm thick) were placed alternately on separate slides and stained either for RNA using Azure B, or for protein using Napthol Yellow S. The thickness of each section was determined by double beam interferometry and its area measured with the aid of a digitising tablet. The amounts of RNA and protein in each section were determined with a Vickers M85 scanning microdensitometer, and compared with the biochemically determined RNA and protein contents of 40 control root-tips of each plant species from nematode-free plates. The Azure B stained sections were then examined morphologically and volume fractions (of cytoplasm, nucleus, nucleolus, cell wall, vacuole and intercellular space), surface areas (of cell wall, nucleus, nucleolus and vacuole) and shape factors (of cells, nuclei, nucleoli and vacuole) determined by stereology.
RESULTS
Morphological changes. In agar culture healthy strawberry roots grew 2-3 mm day-I whereas those of ryegrass grew 1-2 cm day-1. Attacked root-tips ceased elongating and progressively swelled to form galls. Those that had been fed on for one day were not noticeably swollen, but feeding sites showed as areas of necrotic cells in the meristem and zone of elongation.
After 2 and 4 days the root-tips from the meristem to the zone of elongation were swollen, and had diameters 2-3 times (ryegrass) or 4-5 times (strawberry) greater than control root-tips.
The cells in control root-tips of both species contained a single spherical nucleus with up to five nucleoli. Ryegrass cells tended to have dense cytoplasm (i.e. no vacuoles) which stained heavily with Azure B (Fig. 1) , whereas many
